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ABSTRACT

As laptop computers have become prevalent in schools and workplaces, many people are
choosing to do work in a variety of environments with lounge-type chairs that may not
have been designed to support mobile computing. While several studies in the past have
benchmarked the design and use of traditional task chairs on a person’s performance,
there has not been research on the effect of comfort and discomfort in casual seating on
performance. In this experiment, the effects of chair aesthetics and comfort, discomfort,
and emotions on laptop task performance were studied. The results show that variables
related to chair aesthetics and comfort are correlated with each other before and after
sitting, but only the ratings of aesthetics and comfort determined after sitting are
correlated with discomfort. Furthermore, while neither aesthetics/comfort nor discomfort
significantly impacts task performance, positive emotions elicited by the chairs may
impact performance for certain tasks.
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CHAPTER 1. INTRODUCTION

More and more people are working in non-traditional work settings with the
increasing use of laptop computers. Large tech companies such as Google and Twitter
have gained positive reputations for providing innovative workspaces that depart from
the gray-walled cubicles that have been the workplace standard in many companies and
corporations (Inc.com, 2012). These work environments, where bright-colored plushy
sofas take presence in lieu of rectangular cubicles with ergonomic desks and chairs, are
not only received well by the working population, but also among university students as
well. Many students are seeking to do work in lounge-type environments with their
notebook computers on their laps, rather than being tethered to a desk and a task chair in
a quiet library. Hyrkkanen, Nenonen, and Kojo (2012) have aptly summarized this trend
as follows: “Mobile virtual work is no longer bound to fixed locations as utilizing
information and communication technology allows people to function freely in various
environments” (193).
With so many people shifting their workplace to these casual environments, it is
valuable to know how work performance is affected from working in a lounge-type
seating in comparison to a traditional desk configuration. The type of seating available in
different workspaces in particular is an interesting factor to study, because in many
lounge-type workspaces, no desk is paired with the seating and the chair often becomes
the sole piece of furniture that the user interacts with. Therefore, it is fitting to study chair
type as a topic of interest. Task chairs in standard offices are designed and engineered to
be adjustable so that they can accommodate the working postures for people of many
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different heights and proportions comfortably. Lounge chairs, on the other hand, are
made of soft, cushiony material and often lack adjustability to fit people of different
shapes and sizes. The emphasis on these lounge chairs is sometimes placed on the
aesthetics of the materials and the form factor more than on their ability to support users
biomechanically.
Before dismissing these lounge chairs as ergonomically unfit for people to use
and calling for an overhaul of lounge chair design, we need to study the mobile laptop
users’ behavior and ask ourselves why many students and workers choose to go work in
these “unfitting” environments. Corporations and universities invest in expensive task
chairs, adjustable monitors, and adjustable desks to provide students with supportive
work environments; yet we often see students opting for coffee shops, dorm lounges, and
even beds. Certainly many different factors contribute to these student work patterns and
preferences, but one of those factors might be related to the concept of hedonomics: “a
branch of science and design devoted to the promotion of pleasurable human-technology
interaction” (Hancock et al., 2005). The theory of hedonomics suggests that when
something is pleasant to use, people perceive it to be more usable as well. Even though
this idea is relatively new in the realm of human factors and ergonomics research, many
studies have shown that the factor of pleasure, fun, and positive emotions may play a
significant role in people’s perceived and actual comfort and performance (Tractinsky,
1997; Helander & Khalid, 2005).
The following chapter reviews the existing literature on the theories of
hedonomics and its related research, as well as the studies related to computer use in
traditional versus non-traditional settings. After identifying the gaps in the existing
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knowledge, the investigator will present the problem statement for this thesis research as
well as the hypotheses for the current study.
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CHAPTER 2. LITERATURE REVIEW

2.1. Computer Use In Non-Desk Settings
People in today’s workforce in developed countries have increased the use of
laptops, tablet computers, and mobile phones instead of desktop computers to do work in
a variety of environments instead of being primarily stationed in cubicles. Multi-touch
tablets are used in mobile work environments such as sales support, parts tracking, and
field-based work requiring real-time data (Feathers & Zhang, 2012). Additionally, there
has been observed a global trend that laptop sales are exceeding desktop sales
(Euromonitor International, 2009). Furthermore, many workplaces have created open
office spaces with sofas and coffee tables because this type of environment is thought to
encourage more interaction between people and foster creativity (Thanem & Varlander,
2011).
When people work in these non-desk settings, however, it is possible for workers
to assume poor postures in makeshift workstations that were not designed to adequately
support laptop computer work for longer durations (e.g., a few hours). This can expose
mobile workers to physical discomfort such as wrist, neck, and back pain, and can
furthermore put the workers at a risk for musculoskeletal injuries. A recent study
published by Harvard School of Public Health found that people who used tablet devices
in four typical usage positions (on the lap held with hands, on the lap in a case, on a table
in a case, and on a table in a case set at a high angle) displayed greater head and neck
flexion in these positions compared to the head and neck flexion angles previously
recorded for desktop computing (Young et al., 2012). Incorrect working posture (e.g.,
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increased neck flexion, wrist extension or deviation), along with force and repetition, can
lead to cumulative trauma injury in the workplace (Hedge et al., 1996). Needless to say,
workplaces injuries and traumas disrupt people’s productivity and degrade work
performance, which can lead to negative attitudes and dissatisfaction in the workplace.
Therefore, it is critical to understand whether mobile work in non-desk environments
could result in placing a greater risk of discomfort and injuries and any deterioration in
workers’ performance.
Since the laptops are widely used over desktop computers among college students
and these laptops provide the affordance of mobility to students to work in a variety of
seating structures, a student dormitory may be a great place to collect some data on nondesk working postures and performance. Jacobs et al. (2009) conducted a 3-month long
study at Boston University dormitories and asked students to record their time and their
comfort level each time they used a laptop computer on a desk surface. Students were
assigned to three conditions: a control condition, a condition receiving ergonomic
accessories such as external mouse and notebook risers, and another condition receiving
the accessories as well as participatory ergonomics training online. Data was collected
using self-report and direct measurement. The survey results show that at the end of the
3-month study period, the discomfort rating from participants in the two experimental
conditions decreased significantly, whereas the discomfort level stayed the same in the
control condition. The reported ratings of discomfort among participants who received
ergonomic accessories decreased from 78% to 65% (p=.008), and the reported ratings of
discomfort among participants who received accessories and participatory ergonomics
training decreased from 61% to 49% (p=.007). The differences between three conditions
5

with regards to self-report discomfort reduction, however, was not significant (p=.24).
While this study shows that interventions such as participatory ergonomics training and
supplying external accessories that can help reduce discomfort can be good strategies in
reducing risks of musculoskeletal disorders related to laptop use, it fails to capture the
effect of using laptop computers in non-desk settings. In a dormitory, it can be expected
that students frequently use their laptop computers on a couch, other smaller casual chairs
(e.g., a beanbag), and even on a bed. Studying students’ postures and the level of
productivity when working in those non-desk settings may lead to valuable design
implications for these “casual” work environments that can perhaps increase task
performance.
There have been other studies that compared the effect of laptop computer usage
on a desk and on the user’s lap to determine if one posture is superior than the other with
regards to comfort and risks to musculoskeletal injuries. A study by Moffet et al. (2002)
examined the difference between two laptop designs (with and without palm rest) and
two working environments (computer use on desk or on lap) and its impacts on posture
and discomfort. Participants were asked to complete a typing task for 15 minutes while
working in each of the four conditions. Other elements, such as the lighting level and the
chair used for desk and lap conditions, were standardized (the desk and chairs were not
adjustable, and were set according to the European and Swedish standards). The study
found little difference between using the laptop with and without palm rests, but a greater
significance was found between desk and lap working postures. The results show that
participants adjusted the distance between the keyboard and the desk edge to about 20cm
regardless of the laptop, even without any direction or instruction. Furthermore, when the
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computer was placed on the lap, the subjects compensated for the lower keyboard and the
screen by having larger amplitudes of forward head bending, larger backward trunk
inclination and wrist extension, and reduced amplitudes of upper arm. Higher load levels
in the trapezius and deltoid muscles were found in the desk setting, while higher muscle
load in the wrist extensors were found in the lap setting. Even though the small sample
size of participants (n=8) calls for a caution when drawing conclusions from this study, it
shows that both desk and lap working postures can pose risks for pain and injury – in
different parts of the body – when working with laptop computers.
In a similar study conducted some years later by Harvard School of Public Health
and Microsoft Corporation, researchers measured the use of a laptop computer on a desk,
a lap, and a lap support device called lapdesk, where the height of the laptop was raised
from the lap (Asundi, Odell, Luce & Dennerlein, 2010). The study found that more nonneutral postures in the head (characterized by downward head tilt and viewing angle) and
wrist (increased wrist extension) were observed in lap settings compared to the desk
setting, and the postural variability in the shoulders and elbows decreased due to the need
to support the laptop on the user’s lap. On the other hand, the wrist deviation and
pronation were greater in the desk setting than in the lap settings. The participants’
comfort ratings were significantly better in the desk setting compared to the lap setting;
however, the difference between the desk setting and the lapdesk setting was not
significant. Additionally, even though the postures recorded while using the laptop on the
desk was relatively better overall than the postures observed while using it on the lap or
on the lapdesk, all three mobile configurations led to non-neutral postures compared to
using a desktop computer with a monitor, a keyboard, and a pointing device. Unlike the
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study conducted by Moffet et al. (2002) which found the study results to be rather
inconclusive, the results from this study suggest that using the laptop on a desk is still
better than using it on one’s lap. Nonetheless, in several postural measurements, the
differences between the postures observed in the desk and the two lap settings were not
significant. Therefore, while there is some evidence that the desk setting is better, it still
does not make a strong case that the desk setting is superior than the lap. These studies
indicate that different muscle and joint groups can be adversely affected through the
postures people assume in both the desk and lap settings. Moreover, due to the poor
postures found in these mobile configurations, the authors of this paper recommend that
users should limit the use of notebook computers in the portable environment and take
frequent breaks. But considering that mobile computer use has essentially become the
norm among people who operate computers, we should think of more practical solutions
to putting our physical health at risk than simply limiting the use of laptops (and
presumably tablets and mobile devices – but those devices are not in the scope of the
investigator’s research).
Recognizing that non-desk laptop use is becoming commonplace, Gold, Driban,
Yingling, and Komaroff (2012) conducted a study on how postures and comfort can be
characterized in non-desk settings. Three pre-determined non-desk postures were chosen:
seated on the couch with feet down, prone (lying on the stomach on the couch/bed), and
seated on the couch with feet up on an ottoman. In all three postures, subjects were asked
to complete a typing task and a text-editing task on a laptop. The subjects were also able
to work in self-selected postures after completing the experiment in the 3 required
postures mentioned above. The study found that compared to the seated positions on the
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couch, the prone position led the participants to assume non-neutral postures in the
shoulders, elbows, wrists, and neck. The seated postures exhibited relatively neutral
angles in the shoulders as well as the elbows and the wrist. The findings also show that
after subjects worked in one of the three postures for approximately 7 minutes, most
subjects reported discomfort in the prone position, and about half of the subjects reported
discomfort in the other two seated positions. This study shows that even after assuming
the postures for a short period of time (7 minutes as stated above), subjects are able to
experience and report discomfort, which may be associated with musculoskeletal
disorders in the long run (Werner et al., 2005; Hamberg-van Reenen et al., 2008).
Not surprisingly, people take advantage of the ability to take the laptop computer
on the go by working in non-stationary settings as well, such as on public transit. From a
recent analysis of the data on the growing mobile workforce, it was found that a small
proportion of mobile employees reported public transportation as the place where they
are most productive, even more than the home or the office (Parr, 2011). Work
performance and productivity on public transportation has not been researched much to
date, perhaps because it is a relatively recent occurrence due to the increasing prevalence
of mobile computing devices. In one study by Kamp, Kilincsoy and Vink, the researchers
in conducted an observational study to gather information on what activities people do in
travel journeys (train in this case) and in semi-public places such as waiting areas at
transit stations and around shopping areas (2011). The study aimed to see if there is any
correlation between the types of activity people perform and the postures they assume
when performing these activities in semi-public settings and journeys. Video recordings
of people on German trains were analyzed using an adaptation of Branton and Grayon’s
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(1967) postural targeting forms and photos used in evaluating train seats. The study
observed many activities including sleeping, eating and drinking, talking/discussing,
using small electronic devices (mobile phones), and using larger electronic devices (e.g.,
laptops). With regards to postures found while using electronic devices, the most
common posture was characterized by the following four combinations: head free of
support, trunk against the backrest, arms free from armrest, and both feet on the floor
(43.3%). The article also notes that for medium-devices, the trunk was found in a
slumped position, although it does not specify how often this was observed. While it is
not possible to know whether the postures were mostly neutral or non-neutral for which
specific parts of the body in this observational study, this preliminary study helps to
document the postures that are commonly seen while using portable computers. The
authors point out that portable electronic device usage in public areas is expected to grow
based on sales data, and that further study is needed to “evaluate the relationship between
sitting postures while using these devices and discomfort.” (Kamp et al., 2011).
As we predict a continued growth on mobile computing, people’s work patterns
and expectations will change and align with this trend. It has become a norm for
companies to provide laptop computers to employees and expect employees to have
mobile working capabilities, whether they are going from meeting to meeting on a daily
basis, on business travel, or working from home. By 2013, 75.5% of the workforce in the
U.S. was expected to be mobile (Cisco, 2011). More scientific research would be
valuable to examine how people’s performance in particular might be affected by laptop
computer use in non-traditional environments, and gain a better understanding of how
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these casual work settings could be more supportive - physically and psychologically –
and more conducive to one’s productivity and performance.
2.2. The Need to Consider Aesthetics and Emotions in Ergonomic Design
Within the field of human factors and ergonomics, a large portion of research is
dedicated to improving the working condition and the environment of sedentary office
workers. Ergonomists study sedentary workers’ postures and design furniture that has
excellent back support, arm support, and even feet support. They also study the tools that
sedentary office workers frequently use, such as computers and computer accessories,
and their recommendations ensure that these workers can assume neutral postures and do
not overwork certain muscles or muscle groups while using these tools (ANSI/HFES
100-2007). This valuable work is effective in minimizing pain and discomfort on the job
and the risk of developing more severe conditions such as carpal tunnel syndrome, and
improving work performance.
More recently, some scholars have emerged with a new school of thought on
ergonomics research, suggesting that focusing our research primarily on injury and pain
prevention may be insufficient for creating the most productive, motivating, and
healthiest work environment possible. Peter Hancock, the researcher who coined the term
“hedonomics”, states that “like other human-based disciplines, human factors/ergonomics
has now begun this transition from a basic concern about the issues of pain and injury to
a greater focus on the pleasurable aspects of interaction” (Hancock, 2005). In his 2005
paper, he presents the hierarchy of ergonomic and hedonomic needs, where much like
Maslow’s 1970 model of hierarchy of needs, the needs of the lower levels must be met
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before people desire and require the higher level needs (to the author’s knowledge, no
study has yet validated this hierarchy). In the ergonomic and hedonomic needs (Fig. 1),
Hancock divides the 5 levels of needs into two groups: ergonomics and hedonomics.
Ergonomic needs such as safety and functionality need to be met before hedonomic needs
like pleasurable experience can be fulfilled, but as suggested by this pyramid, we should
strive to satisfy people’s psychological and sociological needs in order to build a truly
human-centered system.

Figure 1. Hancock’s Hierarchy of Ergonomic and Hedonomic Needs.
This idea echoes the “nurturing and pampering paradigm” for office ergonomics, which
was proposed by Rajendra Paul in 1995. Paul draws an analogy to explain this paradigm:
when raising a child, the parent needs to nurture the child in order to support the child’s
growth, such as feeding nutritious meals and making sure he or she gets enough exercise.
However, the child typically gets more than good nurturing from the parent when
growing up. The parent pampers the child by taking the child to an amusement park or
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treats the child to ice cream. These pampering activities are not necessarily required for
the child, but they make the child happy and perhaps more emotionally healthy. In the
same way, Paul argues that, while providing biomechanical support of the back and good
air quality at the office are certainly necessary for office workers, we cannot neglect the
“non-necessity” factors such as workplace aesthetics and their sense of well-being when
building an optimal workplace for people.
One might be able to use the theory of hedonomics to explain why some people
deliberately choose to work in coffee shops instead of the libraries or offices. If the
primary desired characteristic of an ideal workspace were ergonomic furniture and
physical comfort, mobile computer users probably would not be taking their work to
places other than ergonomic desk configurations. As examined in the previous section, it
was observed that most neutral postures were observed in desk settings with peripheral
inputs (i.e., keyboard and mouse). From subjective ratings, people also found the desk
setting to be more comfortable than lap settings.
What other factors, then, are drawing people to casual work environments? Which
workspace characteristics are they seeking, even if it means it’s at an expense of
maximum physical comfort? Even more interestingly, do some of these other desired
characteristics help people psychologically overcome the reduced physical comfort? In
order to better understand the interplay of hedonomics in computing work (with a focus
in the realm of mobile computing), the following sections will review literature on the
effect of some of the most studied hedonomics variables such as aesthetics and emotions
on comfort, performance, and productivity.
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2.2.1. The Effect of Aesthetics on Comfort
As briefly discussed previously, ergonomists often tend to focus on preventing
pain and injuries for people in the workplace. For instance, in studies dealing with sitting
comfort, a human factors researcher may look for non-neutral postures that put people at
a risk for low back pain, and try to find solutions in the physical structure of the chair that
may prevent this from happening. In these studies, they have typically concluded that if
subjects are not experiencing discomfort, then they are assumed to be comfortable.
However, a collection of research studies conducted by Martin Helander in the
1990s has suggested that comfort and discomfort are not on the opposite ends of the same
spectrum, but rather they are driven by completely different sets of factors (e.g. Michael
& Helander, 1994; Zhang, Helander & Drury, 1996; Helander & Zhang, 1997). These
studies suggest that discomfort was found to be a function of biomechanical violations
(i.e., non-neutral seated positions) and sitting time, whereas sitting comfort is primarily a
function of the aesthetic and softness/plushness attributes of a chair and user’s
satisfaction and relaxation levels. Very interestingly, user’s ratings of discomfort seemed
to increase as the 8-hour workday passed by (during which most of it was spent sitting),
but the ratings of comfort seemed to stay constant (Michael & Helander, 1994). The
explanation for this fascinating finding was that users’ perceptions of discomfort changed
over time, but the perceptions of comfort did not, because the assessment of comfort was
driven by “the feelings of well-being and the aesthetic impressions of the chair”
(Helander & Zhang, 1997).
Helander & Zhang (1997) investigated in two separate studies that were
conducted to understand this pattern of comfort and discomfort in separate but related
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paradigms. The first study involved 20 workers – 10 in managerial positions and the
other 10 in secretarial positions – who sat in different chairs randomly distributed each
day from a pool of 21 chairs selected by IBM Corporation out of the available chairs in
the furniture market, for a total of 210 subject-days. Researchers used two different
versions of the Chair Evaluation Checklist that they put together to collect information
about comfort and discomfort, because it was suspected that rating discomfort and
comfort in the same survey might guide the participants to give the items opposite ratings
without reflecting upon each one independently. The two surveys were identical except
for the last item, which stated “I feel comfortable” in version A, and “I feel
uncomfortable” in version B. An equal number of participants used each version each
day, and they filled out the Chair Evaluation Checklist as well as the General Comfort
Rating survey and the Body Part Discomfort Scale survey at 3 specified times during the
workday. A factor analysis showed that three main factors explained 61% of the variance
in the data: factors of comfort, discomfort, and chair size. However, the chair size showed
a high factor loading on comfort, which supports the previous findings that spaciousness
is a contributing characteristic in chair comfort rather than discomfort. Furthermore, the
results showed that survey items related to discomfort had a stronger correlation with the
“overall discomfort” item than with “overall comfort”. If the two concepts are opposites
of one another, they should have had similarly strong correlations, one positive and one
negative. However, this was not the case and it supports the claim that comfort can’t
simply be predicted using ratings of discomfort.
After this first study, the Chair Evaluation Checklist was revised to include 12
items in a single survey – 6 related to discomfort and 6 related to comfort. Items that did
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not show significance in the analysis of variance were removed. The new checklist also
included both overall discomfort/comfort rating questions, and subjects were instructed to
rate them separately. The second study was then conducted to test the validity of the
combined survey, this time using subjects’ own chairs. Factor analysis once again
showed that the same three main factors explained 79% of the variability in the data:
discomfort items, comfort items related to well-being (e.g., “I feel relaxed”), and items
related to chair design (aesthetics and spaciousness). The combined survey reproduced
similar results and therefore was found to be an acceptable measure for chair comfort and
discomfort.
Helander and Zhang’s studies have shown that chair design elements such as
aesthetic appeal influences how people rate chair comfort. Therefore, the investigator
believes that chair aesthetics is a relevant construct to studying chair comfort and it will
be tested in the proposed study.
2.2.2. The Effect of Aesthetics on Performance
Traditionally, what constitutes a good product or system has been explained by
relating it to usability, especially in human-computer interaction (Lee & Koubek, 2010).
Usability refers to the degree to which something – hardware, software, or anything else
– is easy to use and a good fit for the people who use it (Usability Professionals’
Association, 2013). The problem with determining whether a product is good or bad is
that usability typically only uses measures of performance, such as the learnability and
the productivity of the product, ignoring other important factors that improve user
experience of the product (Hassenzahl & Tractinsky, 2006). These factors are often
16

referred to as “non-instrumental” or “hedonic” qualities of a product, and they often
include factors such as aesthetic appeal and emotions elicited by the product or the
system.
A number of studies have shown that these non-instrumental qualities might play
an influential role in perceived and even actual usability. In Japan, researchers found that
the judgment of aesthetics on the layout of automatic teller machines (ATMs) influenced
the apparent usability of the computerized system (Kurosu & Kashimura, 1995). The
effect of judgment of aesthetics and the inherent (actual) usability was negligible. Finding
these results fascinating and somewhat skeptical, Israeli researcher Noam Tractinsky
replicated this research two years later in Israel. Tractinsky expected the results to not
repeat, because he asserted that aesthetic values are culturally driven. To his surprise, the
relationship between aesthetic ratings and apparent usability resulted in an even stronger
correlation in Israel (Tractinsky, 1997). These studies suggest that people perceive that a
product is easier to use when things are more beautiful, mimicking a “halo effect”, which
is typically used to describe the phenomenon in social psychology that beautiful people
are judged to be more personable and competent compared to the less attractive people
(Mills & Aronson, 1965; Maquet, 1986; Norman, 2004).
Improved aesthetics has also shown to improve performance when coupled with
poor usability. Since the variable of aesthetics seems to influence the product/system
usability as discussed above, one would expect that aesthetics would impact one’s
performance while using that system or the product as well – after all, if a system is
perceived as easy and intuitive to use (highly usable), the performance should also
improve!
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To verify this very hypothesis, Moshagen, Musch, & Gooritz (2009) conducted an
experiment with a 2x2 factorial design of aesthetics and usability. In this study,
participants were asked to answer 5 questions by searching for answers on a healthrelated website. The aesthetics of the website was manipulated so that complimentary
colors were used for the “high visual aesthetics” version, and clashing colors were used
for the version with “low visual aesthetics”. The usability condition was manipulated as
well. The good usability condition allowed users to access all diseases via an alphabetical
list, by browsing functional categories, or by selecting the corresponding medical
discipline. In a poor usability condition, the users could only access the disease after
choosing the corresponding medical discipline. The performance was measured by the
time it took each subject to complete the task. The study found that while high visual
aesthetics did not significantly influence performance in good usability conditions, it
showed a positive impact on performance in poor usability conditions. This outcome
suggests that aesthetically pleasing virtual environments can mediate the detrimental
effect of poor usability and increase performance.
Donald Norman discusses this mediating effect in Emotional Design (2004).
According to Norman, the effect can be explained by the fact that beautiful things trigger
positive emotion. An aesthetically appealing design elicits positive emotion, which in
turn can enhance the user’s ability to solve problems that they are encountering in
usability. There has indeed been evidence that positive emotion, or affect, can facilitate
problem solving. Alice Isen, a cognitive psychologist who studies the effect of happiness,
found that when given two tasks that require creative problem solving abilities, subjects
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performed significantly better when they had been given a bag of candy or shown a short
comedy film beforehand (Isen, Daubman, & Nowicki, 1987).
The results of these studies support the hypotheses that aesthetics and emotions
(affect) do impact task performance, and that they are factors that we should continue to
investigate more in the field of human factors and ergonomics.

2.3 Instruments to Measure Emotions
Thus far, it has been discussed that an aesthetic value of a product or a system can
elicit emotions from the user, which can have a mediating effect on task performance.
One way to determine an individual’s attitude towards an aesthetic design of a product
(such as a lounge chair) is to measure his or her emotions towards it. Measuring one’s
emotion is no simple task, however. There have been numerous studies and experiments
attempting to determine the most accurate and non-invasive ways of measuring emotions.
The following sections will discuss some of these methods.
2.3.1 Verbal and Non-Verbal Ways to Measure Emotions
The study of human emotions has been expanding more and more in the past two
decades. The topic of emotions, which was typically studied in disciplines of psychology
and sociology, is now of interest in consumer sciences and marketing after experts found
that people’s emotions is an important factor in purchasing decisions. Furthermore, as the
time people spend on virtual environments exponentially increases, many researchers in
the fields of computer and information sciences have studied how emotions elicited via
these environments can affect task performance, communication, and behavior.
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Pieter Desmet, a researcher from Delft University of Technology, explain that in
order to measure emotions, the researcher must be able to distinguish different
characteristics of emotions, and this is often difficult because the emotion that we are
feeling is made up of many components: behavioral reactions, expressive reactions,
physiological reactions, and subjective feelings (Desmet, 2005). There are many
instruments available today to measure people’s emotions, and each instrument typically
measures one of these components. These instruments can be grouped into two
categories: verbal instruments and non-verbal instruments.
Verbal instruments to measure emotions, in this particular context, include both
written and oral forms of measuring emotions. These are referred to as verbal instruments
because the participant needs to interpret the emotions that he or she is feeling into words
in order for these emotions to be recorded. In these instruments, participants are asked to
self-report the emotion that they are experiencing by giving verbal descriptions or
selecting word(s) that most closely match the emotion and its intensity. The advantages
of these is that they can easily measure mixed emotions, and the researcher can choose to
select any array of emotions that he or she would like to measure. However, self-reported
emotions, as with any self-report questionnaires, have the disadvantage of not correctly
representing the actual state if users have different understandings of the words used to
describe an emotion. Moreover, these verbal instruments are difficult to implement across
a multicultural pool of participants because for many emotions, a direct one-to-one
translation from one language to another is not available (Desmet, 2005).
There are also several interesting non-verbal instruments that do not require the
participant to express the emotions in words. One of the most well-known studies
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regarding non-verbal ways of measuring emotions is Paul Ekman’s research on the link
between people’s emotions and their facial expressions. Ekman’s research determined
that particular patterns of facial expressions are associated with distinct basic emotions
(Ekman, 1994). The Facial Action Coding System (FACS), a tool developed by Ekman &
Friesen (1978), can be used to map a person’s facial expression features (identified in a
still photograph or a video clip) to different emotions. Other similar instruments include
the Maximally Discriminative Facial Moving Coding System (Max) developed by Izard
(1979) and the Facial Expression Analysis Tool (FEAT) developed by Kaiser & Wehrle
(2001).
Emotions have also shown correlation with other physiological responses such as
heart rate, blood pressure, pupillary dilation, galvanic skin response (the amount of sweat
on skin), and heat flux. These physiological response measurements have been found to
potentially assist in predicting emotions (Lisetti & Nasoz, 2004). In order to measure
such biometrics, the user is almost always required to don a wearable computer like a
headgear, an armband, surface electrodes that can measure electromyography (EMG) and
heart patterns. One of the advantages of these non-verbal emotion measuring instruments
is that the data collected using these tools are considered to be more objective than verbal
measurements, because the participants are not evaluating their own state of emotions.
These also eliminate the need to interrupt the participant during the activity. Furthermore,
these instruments can be used cross-culturally; the mapping of particular facial patterns
associated with each emotion is known to be universal across cultures (Ekman, 1971;
Ekman, 1994). However, the accuracy of the non-verbal instruments is less than stellar;
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these are only about 60% to 80% accurate when assessing emotions (Bradley & Lang,
1994).
2.3.2. Using Graphics to Measure Self-Reported Emotions
Previous research has shown that in some cases, people are better at
understanding a particular emotion through a person’s facial expression and body
language than verbal communication (Ettcoff & Magee, 1992). In order to mitigate the
cross-cultural barrier that can come with verbalizing and translating emotions in different
languages, a few instruments have been developed that use pictograms instead of words
for people to self-report emotions. These instruments are motivated by the need to
quickly measure the fleeting state of emotions in a relatively non-intrusive manner. In
1989, James Russell developed a simple tool to assess one’s emotions called the “Affect
Grid”. Like suggested in its name, the tool takes a form of a grid, where the x-axis
represents valence and the y-axis represents arousal. Participants are presented with a
10x10 empty grid, and they are asked to check the cell that most closely represents their
current feelings. The biggest pain point for using this tool is the need to clearly explain
how to use the tool to the participants, as well as the concepts of valence and arousal in
layman’s terms.
In another instrument for quickly measuring affect called Self-Assessment
Manikin (SAM), participants are shown 3 sets of 5 characters, or “puppets” (Bradley &
Lang 1994). Each of the three set represents the range of pleasure, arousal, and
dominance states, respectively. Participants are instructed to choose one out of the five
characters in each set that best reflects their current emotion, yielding three choices of
22

puppets from the three sets. This tool is simpler to use than the Affect Grid since the user
does not need to be educated on valence and arousal. However, the puppets in the sets are
static and their expressions may be difficult to decipher correctly by the user
(participant).
A few years later, a tool called the Product Emotion Measurement Instrument
(PrEmo) was developed to address the limitations from the verbal and non-verbal
methods of measuring emotion. PrEmo aims to combine the advantages from both the
verbal and non-verbal tools for measuring distinct and mixed emotions without asking the
user to verbalize their emotions (Desmet 2005). This digital tool utilizes character
animation in order to incorporate dynamic facial expressions and body movements, as
well as an accompanying sound that is appropriate for each emotion. In the latest version
of PrEmo, 12 cartoon characters – 6 expressing pleasant emotions and the other 6
unpleasant emotions - animate when clicked by the user. After the user has interpreted
the emotion conveyed by the cartoon characters, he or she is asked to rate the intensity of
that emotion ranging from “I do not feel this” to “I feel this strongly”. PrEmo is a unique
tool in the way that, unlike most emotion-measuring instruments that are designed to
measure one’s emotions toward an open category of things (people, events, objects, etc.),
it is specifically designed for evaluating products.
Most recently, another instrument called Photographic Affect Meter (PAM) was
developed by researchers at Cornell University in order to create a tool that can measure
emotions reliably, unobtrusively, and be able to be used in-situ (Pollak et al., 2011).
PAM, like Russell’s Affect Grid, is laid out in a grid format containing 16 photographs
showing people’s facial expressions showing a diverse range of emotions. These pictures
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are representative of the emotions evaluated with respect to Russell’s dimensions of
valence and arousal. However, unlike the Affect Grid, there are no visible axes for these
photographs, nor it is required for the participants to understand what arousal or valence
means in this context. They are simply asked to choose a picture that best describes how
they currently feel. The tool also allows the participant to use the “more photos” button to
load a new set of pictures if they cannot identify with any of the 16 pictures. Researchers
can use this tool to assess emotions daily, and it can be used on mobile devices as well.
After examining the diverse range of instruments for measuring affect, the
investigator felt that both PAM and PrEmo were adequate and interesting tools to
measure participants’ emotions in the current research for their method of measuring
emotions using graphics. In the end, PrEmo was chosen for the present study because it
was easier at the time to gain access to the tool on personal laptop computers.

2.4 Tasks for measuring computer task performance
The proposed research is interested in measuring task performance in terms of
computer-related work. Measuring a person’s task performance is not an easy or
straightforward undertaking. First, we need to define what kind of performance should be
considered: do we want to know how fast someone can complete the task? Or should
accuracy be prioritized over speed? What about assessing whether the person actually
gained a full understanding of the task being asked? Aptly defining this performance
metric ensures that we are measuring the construct that we are interested in. Then, we
need to consider whether the existing tools to measure that metric is reliable and can be
used across all the subjects that we have available.
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There have been only a handful of studies that have utilized specific computer
tasks to measure task performance. In the laptop performance study by Moffet, et. al.
(2002) discussed above, a standardized typing task of 15 minutes in duration was used to
measure performance, where the same typing content was given to all participants.
Performance was measured by how many characters the subject typed within the 15
minutes.
In a study conducted by Asundi et al. (2010), participants were asked to complete
a simulated computer task consisting of a variety of exercises designed to utilize both the
keyboard and the mouse evenly, as well as incorporating some time without using either
input devices. These exercises included typing, pointing and clicking, dragging and
dropping, and reading. The researchers measured productivity by measuring the time it
took the participants to complete the entire series of exercises across different laptop
usage configurations (desk, lap, on a lapdesk). In this study, it took the participants an
average of 10.2 minutes to complete each task; this did not differ significantly across
tasks.
In 2012, Gold, Driban, Yingling, and Komaroff used a 2-minute typing task
followed by a 5-minute editing task to analyze subjects’ working postures. Subjects were
given a work of literature to type (Edgar Allen Poe’s The Raven). Researchers used the
typing task as a way for participants to get settled in their instructed posture. Then, the
editing task consisted of correcting spelling and grammatical mistakes in an article,
where participants were required to select text with a mouse to delete and type the correct
phrase. All errors were previously highlighted for efficient editing, and researchers
captured the middle 3 minutes of this task for posture analysis. Unfortunately, even
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though participants were given these computer tasks, researchers did not record the
performance data because it was not in the scope of their research. These studies provide
some ideas of the kind of tasks were used in past research, but as described above, some
of these tasks were used to simulate mobile computer work and keep participants busy
rather than measuring their performance. The investigator will use both typing and text
editing tasks in the present study, but there is not a strong evidence in the literature
whether these will be appropriate measures of performance in the current experimental
setup to be discussed in the following sections.

2.5. Present Study
From the various interesting research studies introduced and discussed thus far, it
is proposed that when measuring performance and comfort in a particular seating
environment, biomechanical measures – such as wrist angles and neck flexion – and
measures of emotional appeal – such as aesthetics and softness that lead to perceptions of
comfort – should be jointly studied in order to gain a more comprehensive understanding
of a supportive computing environment. There have not been any past studies looking at
the effects of non-traditional seating on both comfort and discomfort measurements, and
on performance. The present study examines the potential interaction of seating aesthetics
and ratings of comfort with laptop task performance while sitting in lounge-style chairs.
This study provides a broader approach to understanding why people continue to work in
chairs that may not give the best postural support, and how this information can be
utilized by designers.

26

2.5.1. Objectives
The objective of this experiment is to measure the impact of aesthetics and comfort on
laptop computer task performance in casual seating. Casual chairs with various colors,
textures, and form factors will be evaluated by participants in terms of aesthetics and
perceived comfort, as well as actual comfort and actual discomfort.

2.5.2. Hypotheses
The following hypotheses are tested in this research study:
H1a. There will be a positive correlation between the level of aesthetics and perceived
comfort in chairs.
H1b. There will be a positive correlation between the level of aesthetics and actual
comfort in chairs.
H2. Task performance will be better when coupled with higher ratings of comfort and
aesthetics.
(Comfort and aesthetics will be analyzed against performance as a single aggregated
variable, as previous research has shown that they might belong in one construct.)
H3. Task performance will be better when coupled with lower ratings of discomfort.
H4. Good aesthetics and positive emotions from the chairs will moderate the effect of
discomfort on performance – that is, in conditions with high ratings of discomfort, task
performance will be better when it is coupled with higher ratings of aesthetics/comfort
and positive emotions compared to the performance scores coupled with lower ratings of
aesthetics.
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(This hypothesis stems from Moshagen, et. al.’s 2009 study that while nice aesthetics
may not affect performance in a good usability condition, it can have a positive influence
on performance in a poor usability condition.)
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CHAPTER 3. METHODOLOGY

3.1 Research Design
The research study used a within-subjects design. Each participant was asked to
evaluate and perform text-editing and typing tasks in four lounge chairs that were
expected to vary in judgments of their aesthetics and comfort. The sequence of chairs
evaluated during the study was randomized for each participant.

3.2 Participants
The experimenter recruited for thirty subjects between the ages of 18 and 45 years
to participate in this experiment. Participants were recruited via two methods: IRB
approved flyers posted around different buildings on campus (Appendix A), and emails
that were sent out to the investigator’s friends and colleagues. From the inquiries that the
investigator received in response to the flyers and the emails, a strong effort was made to
select an even ratio of male and female participants. The actual age range of the recruited
participants was 19 to 32, with a mean of 26.53 years old. Out of 30 participants, 16 were
female (53%), and 14 were male (47%). All participants were affiliated with Cornell
University in some way (undergraduate and graduate students, post-docs, and staff). The
participants came from a wide variety of academic background and expertise. Students
from the College of Human Ecology (CHE) were excluded from recruitment to avoid any
familiarity and/or favoritism on the chairs being tested, since all four chairs used in the
experiment are also present in either the Human Ecology Building Commons or in
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Martha Van Rensselaer Building, where many CHE students take courses, eat, and spend
their downtime.
All participants were asked if they felt comfortable operating a Mac laptop
computer, and all participants acknowledged that they were comfortable using Mac
computers, even though many of them primarily used PCs in their daily life. All
participants were also familiar and proficient in Microsoft Word.

3.3 Materials
3.3.1 Chairs selected to test the hypotheses
Four lounge-type chairs were selected for this research study. These chairs
include: “Coconut” chair manufactured by Herman Miller (George Nelson, 1955),
“Womb” chair manufactured by Knoll (Eero Saarinen, 1948), “Shell” chair manufactured
by Design Within Reach (Hans J. Wegner, 1963), and “Davos” chair manufactured by
Coalesse (Jeffrey Bennett, 2008). The images of these chairs are shown in Figure 2.
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Figure 2. Chairs used in the experiment. From top left, clockwise: Coconut by
Herman Miller, Womb by Knoll, Davos by Coalesse, and Shell by Design Within Reach.

These particular chairs were selected based on their forms and colors that were
different from one another in order to include different aesthetic characteristics as well as
based on their availability around the experiment space. It was expected that these chairs
would elicit a variety of emotional responses from individuals.

3.3.2 Equipment
Originally, the study intended to use a 13” Macbook Pro notebook computer for
all participants. During participant recruitment, however, it became apparent that even
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though many participants reported being comfortable using both Macs and PCs, some
participants use PCs on a regular basis. Since the investigator was interested in simulating
a virtual environment that is most natural for each participant, it seemed appropriate to let
participants use their own computer for browsing the web while relaxing and use their
own Microsoft Word Application to avoid PC users having to adapt to the Mac version of
Word, and vice versa. Overall, 20 participants used a 13” Macbook Pro, and 10
participants used various models of PC laptop computers. Participants supplied their own
laptops for the study.
An additional chair was used in the study for the purpose of providing a
seat while the participants completed completed the PrEmoTM and Pre-Experiment
Survey (two surveys that needed to be completed before sitting in the actual chairs being
tested). For this, the Gubi Chair with chrome base by Design Within Reach (2003) was
used (Fig. 3). This chair was selected because of its basic form factor with no seat
padding or armrests. It was also readily available in the experiment space.

Figure 3. Gubi Chair by Design Within Reach.
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3.3.3 Scales and Questionnaires
The study included a total of three different scales: the PrEmoTM Questionnaire, a
brief Pre-Experiment Survey that followed PrEmoTM, and a Post-Experiment Survey.

3.3.3.1 PrEmoTM
The PrEmoTM questionnaire, as discussed previously in Literature Review, uses a
series of characters that animate with sound effects to convey different emotions to the
user. After the character animates, a scale pops up next to the character and prompts the
user to report if the feelings expressed by the animated characters correspond with the
participant’s own feelings on a scale of 0 to 4 (0 = I do not feel this, 1 = I feel this a little,
2 = I feel this somewhat, 3 = I do feel this, 4 = I do feel this strongly). The questionnaire
never gives a verbal description of which emotion is being conveyed, so the evaluation is
completely up to the user’s interpretation. For example, while the creators of PrEmoTM
may have intended to convey the emotion of Pride, the user could interpret this as
Contentment. In this experiment, 12 animated characters were presented to the user:
Desire, Satisfaction, Pride, Hope, Joy, Fascination, Disgust, Dissatisfaction, Shame, Fear,
Sadness, and Boredom. The layout of these characters is shown in Figure 4 below.
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Figure 4. Twelve PrEmoTM characters intended to convey different emotions. From left to
right, then top to bottom: Desire, Satisfaction, Pride, Hope, Joy, Fascination, Disgust,
Dissatisfaction, Shame, Fear, Sadness, and Boredom.

Since a critical function of this questionnaire depends on the animation and the
sound effects of each character, it could only be administered on the computer.
Participants were given a link to start this questionnaire via email from the investigator at
the beginning of the study. The entire PrEmoTM Questionnaire used in this study can be
found in Appendix B.

3.3.3.2 Pre-Experiment Survey
Because assessing the participant’s initial feelings and attitudes toward each chair
only using PrEmoTM poses the risk for the participant to misinterpret the emotion being
conveyed by the PrEmoTM characters, the investigator also added a brief Likert-type
survey to the end of the PrEmoTM questionnaire for measuring aesthetics, perceived
comfort, and the participant’s willingness to relax and to do laptop work in each chair.
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Many questions were taken from the Chair Evaluation Checklist used by Helander and
Zhang (1997). A copy of the original checklist can be found in Appendix C.
The investigator modified this checklist by using a 7-point Likert scale (Strongly
Disagree - Moderately Disagree - Slightly Disagree – Neutral - Slightly Agree Moderately Agree - Strongly Agree) instead of a 9-point initially used by Helander and
Zhang (1997). Since many items on the Chair Evaluation Checklist intended to evaluate
users’ conditions after actually sitting in the chair (i.e., “I feel stiff”), the investigator did
not incorporate these questions for the Pre-Experiment Survey. Furthermore, two
questions relevant to this research were added: “I would want to relax in this chair” and
“I would want to do work on my laptop in this chair”. It was expected that these
questions would help the investigator better understand the effect of aesthetics on
perceived comfort and willingness to sit in the chairs.
In the end, there were a total of 7 questions in the Pre-Experiment Survey. These
questions and their sources are shown in Table 1.
Question

Source

1. This chair looks nice.

Helander & Zhang (1997)

2. This chair looks soft.

Helander & Zhang (1997)

3. This chair looks spacious.

Helander & Zhang (1997)

4. I would want to relax in this chair.

Investigator’s own

5. I would want to do work on my laptop in this chair.

Investigator’s own

6. This chair looks comfortable.

Helander & Zhang (1997)

7. I like this chair.

Helander & Zhang (1997)

Table 1. Pre-Experiment Survey questions and their sources.
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3.3.3.3 Post-Experiment Survey
Participants also took part in a Post-Experiment Survey, which was given to them
at the end of each session with a chair. This scale is also a modified version of the Chair
Evaluation Checklist developed by Helander and Zhang (1997); however, the PostExperiment Survey kept many items in the questionnaire that asked the user to evaluate
their current biomechanical state after sitting in the chairs. All questions from the PreExperiment Survey were included, but this time the questions were worded so that the
participant were asked to record their feelings based on their experience with the chair
instead of speculating their experience before sitting (“This chair looks soft” => “This
chair feels soft”). The order of questions about discomfort (biomechanics-related) and
comfort (aesthetics, appeal) were dispersed in the survey as they were in the uncombined
Chair Evaluation Checklist that Helander and Zhang (1997) used in Study 1.
The Post-Experiment Survey had a total of 15 questions about the chair and an
optional question to provide any concerns or comments. The survey was administered
using Google Forms, and each participant’s data was automatically transferred and
recorded on a separate spreadsheet in the investigator’s Google Drive. The questions
asked in the Post-Experiment Survey as shown below in Table 2.
Question
1. I feel comfortable.

Source
Helander & Zhang
(1997)
Helander & Zhang
(1997)
Helander & Zhang
(1997)
Helander & Zhang
(1997)

2. I have sore muscles.
3. The chair looks nice.
4. I feel stiff.
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5. I like this chair.

Helander & Zhang
(1997)
Helander & Zhang
(1997)
Helander & Zhang
(1997)
Helander & Zhang
(1997)
Helander & Zhang
(1997)
Helander & Zhang
(1997)
Helander & Zhang
(1997)
Helander & Zhang
(1997)
Helander & Zhang
(1997)
Investigator’s own

6. I feel restless.
7. The chair feels soft.
8. I feel pain.
9. I feel relaxed.
10. I feel uneven pressure.
11. The chair is spacious.
12. I feel cramped.
13. I feel uncomfortable.

14. I would consider relaxing in this chair for several
hours.
15. I would consider doing work on my laptop in this chair Investigator’s own
for several hours.
Table 2. Post-Experiment Survey questions and their sources.

3.3.4 Performance Task Materials
Two tasks were designed to measure each participant’s performance using the
laptop computer: a search and edit task (Task 1) and a typing task (Task 2). As discussed
in literature review, similar tasks have been used to test the user’s ability to efficiently
and accurately complete common tasks on the computer (Moffet, et. al., 2002; Gold,
Driban, Yingling, and Komaroff, 2012). Both Task 1 and Task 2 were presented to the
participants in the format of Microsoft Word. The contents of the tasks were related to
Cornell University and Ithaca, NY. These topics were chosen after careful consideration
of the nature of the task content. The investigator felt that the content should remain
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neutral and not evoke strong positive or negative feelings among different individuals,
while appealing to only some people’s interests and not others. The topics about the
participants’ current community and geographical residence seem to satisfy these
requirements.
Task 1 was a search-and-edit task. Each search and edit asked the participant to
find all instances of “double letters”, where two of the same letter in the alphabet were
used consecutively in a single word (e.g., the letter ‘t’ in the word ‘letter’). There were
four different versions of the Task 1 document, since the participant completed the task
four times - once in each chair - and the investigator wanted to reduce any learning effect
that could become a confounding variable if the same document were to be used four
times. Each version contained two paragraphs about Cornell University, taken from the
official Cornell University website (www.cornell.edu/academics). All versions contained
exactly 150 words each. The investigator also made sure that there were 15 separate
instances of double letters embedded within the two paragraphs. The sequence of the four
versions of Task 1 was randomized for each participant. The documents used for Task 1
can be found in Appendix D.
Task 2 was a straightforward typing task. As with Task 1, four versions of the
typing task were prepared for Task 2. The content of Task 2 was taken from the
Wikipedia website on the town of Ithaca, New York (http://en.wikipedia.org/wiki/Ithaca),
each version containing 150 words. To simulate the class-related activity of typing a
paper for a grade, participants were asked to re-type the paragraphs with no errors – and
if they made an error during the typing task, they were asked to go back and correct it.
The documents used for Task 2 can be found in Appendix E.
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3.4 Research Setting
The study took place in the commons area in The Human Ecology Building
(HEB) at Cornell University. The HEB Commons is an open space spanning 5,700 ft3
located on the terrace level of the building with tables and chairs, where many students
and faculty meet one another, eat, and/or do work or relax on their laptop computers.
While using a controlled experiment room was considered, it was decided that
conducting the experiment in a real study-and-relax environment would result in more
meaningful and ecologically valid findings.
In the Commons, there are two isolated spaces situated on either side of the north
entrance (Fig. 5). These two ‘nooks’ receive equal amount of natural and artificial
lighting, are exposed to the same level of noise, and have comparable temperatures. Each
participant was assigned to one of the two nooks for the entire experiment. Both nooks
were used when two participants were scheduled for the same time slot.

Figure 5. Two nooks by the north entrance in Human Ecology Building where the
experiments were conducted (left), and a detailed view of the nook (right).
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3.5. Dependent Measures
The dependent measures collected in this study for each of the four chairs include:
twelve PrEmoTM ratings (rated on a scale of 0 to 4); seven pre-experiment ratings of
aesthetics and perceived comfort (7-point Likert scale questionnaire); performance
metrics collected from Task 1 (number of double letters found per minute, abbreviated as
searches/min) and Task 2 (number of words typed per minute, abbreviated as
words/min); and fifteen post-experiment questions on aesthetics, comfort, and
discomfort. Thirteen of those were given as 7-point Likert scale questions, and 2 of them
were given a binary choice of yes or no. While it would have been helpful for the purpose
of the experiment to also obtain some qualitative responses, the investigator decided
against adding open-ended questions in the interest of keeping the entire session under 2
hours per participant (a study lasting over 2 hours would have been much more difficult
to recruit for, and the investigator was also limited to compensating each participant no
more than $30 for their time).

3.6. Procedures
After arriving to Human Ecology Building Commons, the participant was asked
to take a seat in an unrelated chair and read and sign the consent forms. During this time,
the experimenter sent an email to the participant containing web links for the PrEmoTM,
the Pre-Experiment Survey, the Post-Experiment Survey, and the Word documents
containing two tasks. After the participants signed the consent form, they were given a
brief overview of the study, and were asked to take a seat facing the first chair in their
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randomized chair sequence. After observing the chair, participants opened the link in the
email they received from the experimenter and completed the PrEmoTM and preexperimental survey (Fig. 6). Because participants had to carefully read through the
tutorial for PrEmoTM when they completed the survey for the first time, the duration for
PrEmoTM and pre-experimental survey took about 5-7 minutes for the first chair. For the
subsequent chairs, participants took approximately 2-3 minutes for the two surveys.

Figure 6. Participant completing PrEmoTM and the Pre-Experiment Survey while facing
the Shell chair.

After completing the two surveys, the participant was asked to sit in the chair and
browse the web on the laptop for 10 minutes (Fig. 7). Participants were not limited to the
type of website visited, but they were asked to limit themselves to content consumption
type activities and withhold from content creation (e.g., instant messaging, writing a
paper or a long email) in order to prevent any fatigue before starting the performance
tasks. The purpose of this time was to give the participant enough exposure to be settled
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in the chair and perhaps form an opinion on whether the chair is comfortable or
uncomfortable.

Figure 7. Participants assumed many interesting postures while browsing the web.

After 10 minutes of browsing the web, the participant was asked to open the two
Word documents in the email received earlier at the beginning of the experiment. The
two documents, Task 1 and Task 2, contained 4 pages representing 4 versions of a task.
For Task 1, the participant was instructed to look through the first page only and find and
highlight 15 cases of double letters. This task was self-timed, because the experimenter
wanted to avoid the close monitoring of the participant during he or she completed the
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task. A timer was left next to the participant, and when the participant found all 15 cases
of double letters on the page, he or she stopped the timer. The experimenter then checked
for task completion and recorded the time it took to complete Task 1. On average, Task 1
took 3 minutes and 37 seconds.
Immediately following Task 1, the participant switched to the second document
and completed Task 2. This typing task was also self-timed, so the participant hit the start
and stop button on the timer when he or she started and finished typing the specified
paragraphs on the first page in the second document. The investigator then recorded the
time to completion for Task 2. Task 2 took an average of 4 minutes and 25 seconds.
As a last step for the first chair, the participant completed the Post-Experiment
Survey through the link provided in the email. After submitting the Post-Experiment
Survey, the participant was allowed a 1-minute stretch break to walk around, get water,
and use the facilities if necessary. During this break, the investigator switched out the
first chair and placed the next chair in the predetermined sequence in the experiment area
(the nook). The entire process described above - PrEmoTM, pre-experimental survey, 10
minutes of browsing, Task 1 and Task 2, and the Post-Experiment Survey – was repeated
for the other three chairs. For each chair, this process took approximately 30 minutes.
After completing the cycle for all four chairs, the participant was debriefed and given $30
minutes for his or her participation.

3.7. Data Analysis
The PrEmoTM data as well as the Pre-Experiment Survey were recorded online as
participants completed the survey, and the final set of data was imported into Microsoft
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Excel 2010. The performance data for Tasks 1 and 2 was recorded by hand by the
investigator and later entered into Microsoft Excel. The Post-Experiment Survey data
recorded on Google Drive was also imported into Microsoft Excel. The imported data
sets were formatted and compiled into one master experiment data spreadsheet.
The software packages used for data analysis were SPSS and Microsoft Excel. In
order to test Hypotheses 1a and 1b, Pearson correlations were calculated to measure
significance of the correlations between all the variables that can be considered
“hedonomics” variables (all items in the Pre-Experiment Survey for Hypothesis 1a and
approximately half of the items in the Post-Experiment Survey for Hypothesis 1b).
Because the previous research shows that the construct of comfort is closely related to the
construct of aesthetics, the researcher did not thought it was appropriate or necessary to
make a distinction for each survey item whether a particular variable (e.g., Looks
Spacious) is a comfort or an aesthetic variable.
To test for significant differences in task performance across different ratings of
aesthetics/comfort (Hypothesis 2) and discomfort (Hypothesis 3) and any interaction
effects (Hypothesis 4), aggregated dependent variables for each construct were defined
and correlated against performance measures using bivariate and partial correlation
methods. For the aesthetics/comfort variable, the 7 ratings from the Pre-Experiment
Survey (e.g., “This chair looks comfortable”, “This chair looks soft”) were averaged per
person to create a pre-aesthetics/comfort dependent measure, while the same questions in
the Post-Experiment Survey were averaged together to create a post-aesthetics/comfort
measure (e.g., “This chair is comfortable”, “This chair is soft”). For the discomfort
dependent measure, the questions related to the biomechanical discomfort in the Post-
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Experiment Survey were averaged (e.g., “I feel pain”, “I feel uneven pressure”). The
positive PrEmoTM variables were averaged to create a positive emotion variable, while
the negative PrEmoTM variables were averaged to create a negative emotion variable.
During the experiment, participants exhibited varying levels of performance for
Task 1 and Task 2. Since the investigator is not interested in the differences observed
between participants but rather the differences between different chairs within each
participant, the performance scores were normalized – that is, within each participant’s
performance data (2 sets of 4 observations, one set for each task), each observation was
divided by the largest observation within the set – for a fairer comparison rather than
using raw performance data.
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CHAPTER 4. RESULTS

4.1. Correlations among measures of Emotion and Aesthetics/Comfort
4.1.1. Correlations among PrEmoTM variables
First, correlations between PrEmoTM variable ratings were tested to see whether
positive PrEmoTM variables such as desire and hope have positive correlations with other
positive variables while having negative correlations with negative PrEmoTM variables
such as disgust.
As expected, almost all correlations were statistically significant and showed
positive or negative correlation where appropriate. Only three pairs of PrEmoTM variables
did not have significant Pearson correlation coefficients: Pride and Fear (-.134; p=.073),
Dissatisfaction and Fascination (-.092; p=.160), and Fear and Fascination (-.111; p=.115).
All the positive PrEmoTM items were positively correlated with one another
(Desire, Satisfaction, Pride, Hope, Joy, Fascination); all the negative PrEmoTM items
were negatively correlated with one another (Disgust, Dissatisfaction, Shame, Fear,
Sadness, and Boredom) – except for the three pairs mentioned previously that were not
significant at the 0.05 level. This finding was expected, and it’s a validation of the scale
as well. It shows that the participants were able to discern between positive and negative
emotions that were presented to them as animated characters. The full table of
correlations between PrEmoTM variables is shown in Appendix F.

4.1.2. Correlations among Pre-Experiment Survey variables
The correlations between all pre-task variables (Looks Nice; Looks Soft; Looks
Spacious; Looks Comfortable; I want to Relax in this Chair; I want to do Work in this
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Chair; I Like This Chair) were all positive and significant at the 0.05 level (2-tailed). The
table of correlations among pre-experiment variables can be viewed in Appendix G.

4.1.3. Correlations between the level of aesthetics and perceived comfort (H1a)
In Hypothesis 1a, it was posited that there will be a positive correlation between
the level of aesthetics and perceived comfort in chairs. To test this hypothesis,
correlations were tested between ratings of Pre-Experiment Survey variables, which
contain items related to the aesthetics/comfort construct. As mentioned in Methodology,
the investigator did not find it appropriate to define each item as belonging to specifically
aesthetics or comfort, since the two concepts appear to share the same space from the past
research findings.
The correlations were positive and found to be statistically significant at the 0.05
level between all Pre-Experiment Survey items. The complete table of the correlations
can be found in Appendix H. These findings support Hypothesis 1a that aesthetic appeal
is positively correlated with perceived comfort.

4.1.4. Correlations between the level of aesthetics and actual comfort (H1b)
It was also hypothesized that there will be a positive correlation between the level
of aesthetics and actual comfort in chairs. In order to test this hypothesis, the postexperiment survey ratings of aesthetics and actual comfort were correlated amongst each
other (Looks Nice, Feels Soft, Feels Relaxed, Is Spacious, Like the Chair, and Feels
Comfy).
Most of the correlations between post-experiment survey items of aesthetics and
actual comfort were statistically significant at the 0.05 level with the exception of the
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following pairs: Feels Soft (Post) and Looks Nice (Post); Feels Spacious (Post) and I Like
the Chair (Post); Feels Spacious (Post) and Feels Soft (Post); Feels Spacious (Post) and I
Feel Relaxed; and Feels Spacious (Post) and This Chair Feels Comfortable. As the results
demonstrate, the participants’ ratings for “This chair is spacious” recorded after
completing the tasks did not seem to be highly correlated with the majority of the other
aesthetics/comfort variables. The complete table of these correlations can be viewed in
Appendix I.
These results partially support Hypothesis 1b. Not all items in the space of
aesthetics and actual comfort were correlated when the ratings were given after the
experiment. Specifically, the post-experiment ratings regarding the spaciousness of the
chair did not show significant correlations with the majority of the post-experiment
aesthetics/comfort items. It is possible that spaciousness may actually be considered to be
in the construct of discomfort to participants. This will be discussed more in Chapter 5.

4.2. Analyses of Task Performance Scores
4.2.1. Summary of Task 1 Performance
Performance in Task 1 was measured by the number of words found per minute.
Table 3 shows descriptive statistics for Task 1. In this task, Participant 20 looked through
more than one document at once to search for double letters. Therefore, Task 1 result
from one of the participants was removed to retain the integrity of the data. A one-way
repeated measures ANOVA where Chair Type was the independent variable and Task 1
Performance (normalized) was the dependent variable showed that there was no
significant difference in Task 1 performance among the four different chairs for each
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participant. Appendix J contains the tables of results for the within-subjects and betweensubjects effects.

Davos
Womb
Coconut

Mean
.72
.76

Std. Deviation
.23
.25

N
29
29

.77

.26

29

Shell
.74
.21
29
Table 3: Descriptive Statistics for Task 1: Double-Letter Search
4.2.2. Summary of Task 2 Performance
The performance in Task 2 was measured by the number of words typed per minute.
Table 4 shows the descriptive statistics of the normalized Task 2 performance by each
chair. A one-way repeated measures ANOVA showed that there was no significant
difference in Task 2 performance among the four chairs. See Appendix K for the analysis
results of within- and between-subjects effects.
Mean
Std. Deviation
Davos
.90
.09
Womb
.91
.08
Coconut
.89
.10
Shell
.91
.09
Table 4: Descriptive Statistics for Task 2: Typing

N
30
30
30
30

4.3. Analysis of Correlations for the Effect of Comfort, Discomfort, and Aesthetics
on Task Performance
To test Hypotheses 2, 3, and 4, the investigator decided to measure the
correlations between task performance data and each of the aggregated variables relevant
to each Hypothesis to find any significance in correlations or any trends in the data. If
there appeared to be significant correlations between the variables of interest, the
investigator would target those relationships specifically to conduct analysis for
differences in means.
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4.3.1. Effect of Comfort/Aesthetics on Task Performance (Hypothesis 2)
Appendix L shows the correlations between the aggregated pre- and postaesthetics/comfort, discomfort, and emotion ratings and Task 1 performance; Appendix
M shows the correlations between these aesthetic/comfort, discomfort, and emotion
measures and Task 2 performance. The correlations data between comfort variables and
performance showed that neither pre-experiment or post-experiment aesthetics/comfort
ratings yielded significant correlations on either Task 1 or Task 2 performance scores.
From this, it can be concluded that the task performance was not affected by
aesthetics/comfort and there is no evidence to support Hypothesis 2. It is, however, worth
noting that the pre-experiment aesthetics/comfort ratings and the post-experiment
aesthetics/comfort ratings show a positive correlation. Furthermore, there was found to be
a positive correlation between Task 2 performance (typing) and the aggregated variable
for positive emotions, significant at the 0.05 level. Figure 8 shows a scatterplot of the two
variables showing the positive correlation.
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Figure 8. Correlations between positive emotions and task 2 performance.

4.3.2. Effect of Discomfort on Task Performance (Hypothesis 3)
When the aggregated post-experiment discomfort ratings were correlated with the
task performance scores, there also did not appear to be any significant correlations
(Appendix L and Appendix M, last column). Therefore, the investigator again concludes
that the experiment did not yield a compelling evidence to support Hypothesis 3 that task
performance is better when the discomfort ratings are lower.
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4.3.3. Partial Correlations Analysis of Task Performance and Discomfort, Controlled for
Aesthetics/Comfort and Positive Emotions (Hypothesis 4)
Lastly, the investigator sought to find out whether the effect of discomfort is
moderated by aesthetics/comfort and positive emotions on task performance. To test this,
three interactions were tested for this hypothesis:
1) Discomfort x pre-experiment aesthetics/comfort ratings on task performance;
2) Discomfort x post-experiment aesthetics/comfort ratings on task performance;
and,
3) Discomfort x positive emotions on task performance.
Partial correlations were used to test the significance for these variables, where
the performance and aggregated discomfort variables were correlated together while
controlling for the aggregated aesthetics/comfort and positive emotion measures.
The partial correlations for the cases above did not show any significance between
any of the relationships tested. The full list of partial correlations is shown in Appendix
N. From this finding, there is not enough evidence to support Hypothesis 4 that chair
aesthetics moderates the effect of discomfort on task performance.

4.4. Additional Analyses
4.4.1. Comparison of Actual Comfort and Discomfort Ratings (Post-Experiment)
It was also found that the post-experiment ratings of aesthetics/comfort and
discomfort were very well correlated. There was a significant negative correlation
between the aggregated post-experiment aesthetics/comfort ratings and aggregated post-

52

experiment discomfort ratings (-.595; p=.000). This correlation can also be found under
Appendix L or M. Figure 9 below also illustrates these ratings by chair.
7

7-Pt Likert Ratings

6
5

5.84
4.59

4.29

5.16

4
3.32
3
2

Average of Aggregated Post
Aesthetics_Comfort

2.72
2.61

2.47

Average of Aggregated Discomfort

1
0
Coconut

Davos
Shell
Chair Type

Womb

Figure 9. Post-experiment chair aesthetics/comfort and discomfort ratings by chair.

Interestingly, while a significant negative correlation was observed between the
post-experiment aesthetics/comfort and discomfort ratings, no significant correlations
were observed between the pre-experiment ratings of aesthetics/comfort and discomfort.
As shown in Figure 10, the ratings of pre- and post- aesthetics/comfort ratings certainly
appear to be highly correlated; however, the before and after ratings of aesthetics/comfort
did not always match as closely as expected.
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7
5.84

6

Ratings

5
4

5.16

5.64

4.59
4.50
4.37

4.29

4.42

Average of Aggregated Pre
Aesthetics_Comfort

3.32

3

2.72

2.61

2.47

2

Average of Aggregated Post
Aesthetics_Comfort
Average of Aggregated
Discomfort

1
0
Coconut

Davos
Shell
Chair Type

Womb

Figure 10. Aesthetics/comfort (pre- and post-) and discomfort ratings by chair.
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CHAPTER 5. DISCUSSION

5.1 Discussion of Results by Hypotheses
5.1.1. Correlations between aesthetics and comfort
This research study supported Hypothesis 1a that variables related to aesthetics
and perceived comfort are positively correlated with each other. This finding is expected
and also supports previous literature that aesthetics-related variables such as softness and
spaciousness may contribute to perceived comfort (Helander & Zhang, 1997).
The findings partially supported Hypothesis 1b that aesthetics and actual comfort
are positively correlated. While most of the aesthetics and comfort items in the PostExperiment Survey were positively correlated with each other, the item “This chair is
spacious” did not show significant correlations with most of the other items. This may be
because the meaning of of chair spaciousness when rated after the experiment may have
resonated more closely with the construct of discomfort (related to one’s biomechanics)
with participants rather than with other hedonomics variables.

5.1.2. Ratings of comfort/aesthetics and discomfort and task performance
The results failed to support Hypothesis 2 that task performance will be better for
when coupled with higher ratings of aesthetics/comfort, nor Hypothesis 3 that task
performance will be better when coupled with lower ratings of discomfort. From this, we
cannot conclude that there is a relationship between task performance and
aesthetics/comfort or discomfort ratings. However, with chair type and chair order
controlled as fixed effects, task performance scores alone were significantly different
between the chairs (section 4.2). Furthermore, the comfort ratings for Womb were
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significantly higher and the discomfort ratings for Davos were significantly higher than
the rest of the chairs (Fig. 9). It is clear that participants thought that some chairs were
more comfortable and more uncomfortable after sitting and doing some tasks in each of
them, but task performance for either the search task or the typing task did not seem to be
influenced. Additionally, it was found that the performance scores for the search task was
significantly affected by chair order, which suggests that the order of the task completed
had an effect on task performance. This will be discussed in further detail in the
limitations section.
The results also found that emotions that were considered positive from PrEmoTM
were positively correlated with the typing performance scores (Task 2). Even though
none of the other variables related to hedonomics showed a significant relationship with
task performance, this supports previous findings in the literature that positive affect can
lead to better performance.
Moreover, similar to Helander & Zhang’s findings, this experiment showed that
the pre-experiment ratings of aesthetics/comfort were positively correlated with the postexperiment ratings of aesthetics comfort, thus confirming that the factors relating to the
construct of comfort (differentiated from discomfort) did not change from before to after
sitting. Moreover, this experiment found that while no significant correlations were
observed between the pre-experiment ratings of aesthetics/comfort and discomfort, the
post-experiment aesthetics/comfort and discomfort ratings had a significant negative
correlation (4.4.1).
This is a very interesting finding. Even though pre-experiment and postexperiment ratings of aesthetics/comfort are positively correlated, only the post-
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experimental ratings of aesthetics/comfort can be a predictor of ratings of discomfort.
One reason for this may be that after participants were exposed to chairs, their
evaluations of aesthetics and comfort variables may have become slightly amplified or
diminished by the actual usability (i.e., feelings of discomfort in the chairs), even if their
general opinion of the aesthetics and comfort didn’t change.
Another insight that we gain from these results is the possibility of drawing a
relationship between aesthetics/comfort and discomfort. While aesthetics/comfort and
discomfort are indeed two separate entities consisting of different factors, it seems that
the two entities may have an inverse relationship based on the findings above, and one
variable could be predicted using another.

5.1.3. Interaction of comfort and aesthetics on performance scores
As described in the results section, three types of interaction were used in the
analysis to test for Hypothesis 4, which stated that the effect of chair aesthetics/comfort
and positive emotions will moderate the effect of chair discomfort on task performance.
No interaction effect between hedonomics variables such as positive affect,
aesthetics/comfort and discomfort were found to have any significant correlations on task
performance. After finding that the aesthetics/comfort and discomfort constructs did not
individually impact performance overall, it is not surprising to find that the interaction of
these constructs also do not show significance.

5.2 Limitations
5.2.1. Short duration and one-time exposure to each chair
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One of the limitations of this study was not being able to expose the participants
for a longer duration for each chair. Martin Helander’s studies show that ratings of
comfort do not depend on the amount of time the user sits in the chair (1995, 1997), and
Gold et. al.’s study (2012) also show that when the chair has uneven pressure,
participants do not need to sit in it for a long time to notice that element of discomfort.
However, even though 30 minutes should have been long enough to give relatively
accurate feedback on discomfort, 5-10 minutes of searching or typing may not have been
long enough to accurately assess one’s task performance level. It would be interesting to
measure whether the performance scores will stay variable across the different chairs
over a longer period of time, and also after repeated exposures to the chairs.

5.2.2. Learning Effect
Learning effect was one of the biggest limitations in this study. In the first chair
that participants completed the task, they were given the detailed instructions on how to
complete the tasks properly, as well as figuring out ways to complete the task in the most
efficient way. Even though no qualitative feedback was collected on different strategies
participants might have used to find the double letters faster in Task 1 (word search and
highlighting), the mixed model analyses showed repeatedly that there was a strong
statistically significant order effect for this particular task. Interestingly, the order effect
was not significant for Task 2. This disparity between the two tasks may be explained by
the fact that the word search and highlighting task is not a common task that participants
complete in their day-to-day lives, but the task of typing is very familiar and the
participants quickly understood the nature of the task without needing much clarification.
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Therefore, Task 2 performance scores were robust to order effects, while Task 1 involved
a learning curve as demonstrated by the mixed model analysis.

5.2.3. Fatigue
Fatigue could have been another contributing factor that affected the results of
this study. The design of the study required participants to be at the study for full 2 hours,
sitting in and conducting tasks one chair after another. While the investigator inserted
“web browsing” breaks between tasks and stretch breaks between chairs, being at an
unfamiliar place under constant supervision for 2 hours can be mentally and physically
draining. Moreover, since the time of day was not controlled for this study, a few
participants completed the study after their 8-hour workday. However, since performance
data was only compared within individual participants, the time differences should not
have had an effect on the analysis; still, those participants could get fatigued faster than
others who completed the study in the morning.

5.2.4. Possible Uneven Difficulty of the Search Task
The investigator used four different documents for Task 1, the double-letter
search task, to avoid having participants recall the location of the double letters had the
same document had been used all four times. While this was necessary to deal with the
learning effect, the four documents used may not have presented the equal level of
difficulty for finding the double letters. For example, investigator noticed that several
participants had a difficult time finding the 15th double letter for certain documents, and
thus took longer to complete the task.
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5.2.5. Effectiveness of the tasks to measure performance
Another limitation of the study might be the tasks that were selected to measure
performance. Typing and text-editing tasks are widely used in studies and experiments
that require participants to complete a task on the computer. However, we should be
cautious when using similar tools and methodologies from other studies, because widely
used does not always mean a valid measurement. In Sato et. al. (1994), researchers used
6 different tasks to evaluate subjects’ performance in offices with different interior
characteristics such as the presence of a window or a potted plant. Out of these six tasks,
many of them showed significant difference in performance including math calculations,
hand copying a typed material, and drawing an image on a paper from looking into the
mirror, but copying a typed material in a word processor did not show any statistical
significance. This is only one study, but it does raise the question of whether copy-typing
for a given amount of time is a good measure of performance. To improve upon this
limitation and make a more robust claim about the effect of task performance, more than
two measures of performance should be collected, so that performance data may be
compared for different types of tasks, and even aggregated to produce a well-rounded,
bottom line score of performance.

5.2.6. Not enough variety in comfort to aesthetics disparity among chairs
In this study, the investigator selected the chairs for the experiment based on their
availability around the experiment site and by the difference in the look and feel of the
chairs. While best effort was made to select chairs that were thought to have the widest
variety of comfort and aesthetic ratings, it was found that the chairs that were considered
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to be aesthetically appealing by the users also tended to have low discomfort ratings (Fig.
10). If out of two chairs that received high aesthetic ratings but only one of them were
thought to be comfortable, it may have been possible to observe some moderating effects
of aesthetics on performance as hypothesized in Hypothesis 4.

5.2.7. Non-standardization of laptops
Another limitation of this research study was not being able to standardize the
laptops that people used during the study. The reasoning behind having people bring their
own laptops was to simulate a natural working and web browsing conditions for
individual participants. For example, if a Mac user had been given a PC to browse the
web and use Microsoft Word (which is infamously known for having different menu
layouts between the two platforms), he or she would not have felt as comfortable and
natural as possible. However, the inconsistency in devices could have been prevented if
the investigator had recruited participants who all use the same operating systems and
devices.

5.3 Conclusions and Suggestions for Future Research
This study confirmed some of the previous findings in literature that comfort and
aesthetics are indeed closely related constructs. The chairs that appear to be aesthetically
pleasing to people also are perceived to be comfortable. The study also resulted in
consistent findings with the literature that the variables within the construct of
aesthetics/comfort stay constant before and after sitting. Furthermore, the study showed
that how people rate aesthetics/comfort after exposure to chairs have an inverse
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relationship with the ratings of discomfort; no significant relationship was found between
aesthetics/comfort ratings before sitting and discomfort ratings after sitting, indicating
that while aesthetics/comfort ratings may not completely change, the nuances can be
amplified or diminished enough to result in this difference in correlations.
The study failed to support, however, that task performance is influenced by the
constructs of aesthetics, comfort, and discomfort. This may be largely due to the fact that
the tasks used to measure performance may not have been tested extensively enough, or
that they were tasks not designed to properly gauge performance. Additionally, the
inability to apply more rigorous statistical methods due to the limitations in the data such
as non-independent groups and lack of treatments may have prevented this study from
obtaining more definitive results that are grounded in statistics. It was found, however,
that positive emotion elicited by the chairs and typing task performance show a positive
and statistically significant correlation. Based on this result, it can be stated that positive
emotion may indeed lead to improved performance and productivity.
For future research, the investigator suggests running an experiment with more
compelling tasks that can reflect the users’ task performance more accurately, and
possibly for a longer period of time. Furthermore, it could be interesting to design a study
where the comfort and aesthetics variables are incorporated as treatments that are
controlled and manipulated for each condition to test for significant effects of these
constructs on task performance.

62

63

Participate and earn $30!
cornellchairstudy@gmail.com

Participate and earn $30!
cornellchairstudy@gmail.com

Participate and earn $30!
cornellchairstudy@gmail.com

Participate and earn $30!
cornellchairstudy@gmail.com

Participate and earn $30!
cornellchairstudy@gmail.com

Participate and earn $30!
cornellchairstudy@gmail.com

Participate and earn $30!
cornellchairstudy@gmail.com

Participate and earn $30!
cornellchairstudy@gmail.com

Participate and earn $30!
cornellchairstudy@gmail.com

Participate and earn $30!
cornellchairstudy@gmail.com

Participate and earn $30!
cornellchairstudy@gmail.com

Participate and earn $30!
cornellchairstudy@gmail.com

Participate and earn $30!
cornellchairstudy@gmail.com
Appendix A. Recruitment Flyer

PARTICIPATE IN A FUN

CHAIR EVALUATION STUDY ON
CAMPUS!

We need people to try out and evaluate designer chairs! The

experiment takes approximately 2 hours, and you will be

compensated $30. You must complete the entire study in one sitting.

If you are interested or have any questions, please email

cornellchairstudy@gmail.com to schedule a session. Thank you!

Appendix B. PrEmoTM Questionnaire
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Appendix C. Chair Evaluation Checklist (Helander & Zhang, 1997)
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Appendix D. Task 1: Text Search Task

About Cornell University 1
Please find double letters in the following paragraphs and highlight the two letters (e.g.,
Cornell). There are 15 double letters total.

Once called "the first American university" by historian Frederick Rudolph,
Cornell University represents a distinctive mix of eminent scholarship and democratic
ideals. Adding practical subjects to the classics and admitting qualified students
regardless of nationality, race, social circumstance, gender, or religion was quite a
departure when Cornell was founded.

Today's Cornell reflects this heritage of egalitarian excellence. It is home to the
nation's first colleges devoted to hotel administration, industrial and labor relations, and
veterinary medicine. Both a private university and the land-grant institution of New York
State, Cornell University is the most diverse member of the Ivy League.
On the Ithaca campus nearly 20,000 students representing every state and 120 countries
choose courses from 11 undergraduate, graduate, and professional schools. Many
undergraduates participate in a wide range of interdisciplinary programs, play meaningful
roles in research, and study in Cornell programs in Washington, New York City, and the
world over.

Total double letters: 15
Total words: 150
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About Cornell University 2
Please find double letters in the following paragraphs and highlight the two letters (e.g.,
Cornell). There are 15 double letters total.

Cornell University is both a private endowed university and the federal land-grant
institution of New York State. Each of the 14 colleges defines its own academic
programs; admits its own students; provides a faculty, and advising and support for its
students; and confers degrees on its own students, although all degrees are attributed to
Cornell University. Special transcollege faculty units draw on faculty members from
throughout the university to serve designated needs.

Founded in 1945 as the New York State School of Industrial and Labor Relations
and known today as ILR, the school offers undergraduate, graduate and professional
education. ILR's focus has become more international and extends beyond labormanagement relations to the world of work—from human resource management, labor
economics and law, and compensation to organizational behavior, disability and conflict
resolution. The school's specific mission is to prepare workplace leaders, inform
employment and labor policy, and improve working lives.

Total double letters: 15
Word count: 150
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About Cornell University 3
Please find double letters in the following paragraphs and highlight the two letters (e.g.,
Cornell). There are 15 double letters total.

Cornell's long history of practical research, a hallmark of the institution as
conceived by Ezra Cornell, has served the university well, as much from the knowledge
gained as from the training it affords students. Research at Cornell University, whether
basic or applied, has anchored the university's programs in instruction and outreach and
its tradition of research for the betterment of society.

The strategic plan for research at Cornell can be summed up simply: Be the best
at what we undertake to do. The research enterprise sustains university research
priorities: the New Life Sciences; cross collaborations; and enabling research areas-computing and information sciences, genomics, advanced materials, and nanoscience.
We build on our strengths when creating programs, recruiting faculty, purchasing
equipment, and supporting interdisciplinary programs. Cornell research is dedicated to
knowledge transfer and engages in technology transfer and economic development
activities that benefit local, regional, national, and international constituents and
communities.

Total double letters: 15
Word Count: 150
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About Cornell University 4
Please find double letters in the following paragraphs and highlight the two letters (e.g.,
Cornell). There are 15 double letters total.

The School of Hotel Administration's large group of scholars, researchers, and
technical staff members, and its service-oriented undergraduate, graduate, and
professional degree programs, are helping to shape the global knowledge base for every
aspect of hospitality management.

A top-ranked business school, Samuel Curtis Johnson Graduate School of
Management has 3 core distinctions that combined allow it to attract and retain the best
students and faculty. First of these distinctions is its direct relations to the vast research,
teaching, and alumni resources of Cornell -- the largest and most comprehensive Ivy
League university; then there is the intense, collaborative community -- a plus of its
deliberately intimate size; and its performance-learning approach that yields demanding
results. The experiences Johnson students receive during their MBA creates the type of
leader that organizations and entrepreneurial ventures demand today. Johnson graduates
know how to harness the collective strengths of others to create extraordinary results.

Total double letters: 15
Word Count: 150
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Appendix E. Task 2: Typing Task
About Ithaca 1
The inhabitants of the Ithaca area at the time Europeans began arriving were the
Saponi and Tutelo Indians, dependent tribes of the Cayuga Indians who formed part of
the Iroquois confederation. These tribes had been allowed to settle on Cayuga-controlled
hunting lands at the south end of Cayuga Lake after being forced from North Carolina by
European invasion. They were driven from the area by the Sullivan Expedition which
destroyed the Tutelo village, located near the junction of state routes 13 and 13A just
south of the Ithaca city limits.
Indian presence in the current City of Ithaca was limited to a temporary hunting
camp at the base of Cascadilla Gorge. The destruction of Iroquois confederation power
opened the region to settlement by people of European origin. An official program began
for distributing land in the area as a reward for service to the American soldiers of the
Revolutionary War.
About Ithaca 2
The late nineteenth century gave birth to the two major postsecondary educational
institutions Ithaca has today. In 1865, Ezra Cornell founded Cornell University. It was
opened as a coeducational institution, which was extremely unusual at the time; women
first enrolled in 1870. Ezra Cornell established a public library for the city. Ithaca College
was founded as the Ithaca Conservatory of Music in 1892. Ithaca College was originally
located in the downtown area, but due to lack of space it relocated to South Hill in the
1960s.
Ithaca became a city in 1888 and emerged as a small manufacturing and retail
center. The largest industrial company in the area was Morse Chain, elements of which
were absorbed into Emerson Power Transmission on South Hill and Borg Warner
Automotive in Lansing, New York. After World War II, National Cash Register and the
Langmuir Research Labs of General Electric were also major employers.

About Ithaca 3
The valley in which Cayuga Lake is located is long and narrow. Ithaca is at the
southern end of the lake, but the valley continues to the southwest behind the city.
Originally a river valley, it was deepened and widened over the last several hundred
thousand years. The lake drains to the north. The world-renowned fossils found in this
area can be examined at the Museum of the Earth.
Ithaca was founded on flat land just south of the lake - land that formed in fairly
recent geological times when silt filled the southern end of the lake. The city ultimately
spread to the adjacent hillsides, which rise several hundred feet above the central flats:
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East Hill, West Hill, and South Hill. Its sides are fairly steep, and a number of the streams
that flow into the valley from east or west have cut deep canyons, usually with several
waterfalls.
About Ithaca 4
The economy of Ithaca is based on education and manufacturing with high tech
and tourism in strong supporting roles. As of 2006, Ithaca remains one of the few
expanding economies in economically troubled New York State outside of New York
City, and draws commuters from the neighboring rural counties of Cortland, Tioga, and
Schuyler, as well as from the more urbanized Chemung County.
Ithaca has many of the businesses characteristic of small American university
towns: used bookstores, art house cinemas, craft stores, and vegetarian-friendly
restaurants. The collective Moosewood Restaurant was the wellspring for a number of
vegetarian cookbooks. It is claimed locally that Ithaca has more restaurants per capita
than New York City. Ithaca has many local restaurants and chains both in the city and
town with a range of ethnic foods. The innovative and popular Ithaca Bakery chain, and
the Ithaca Farmers Market also provide a range of foods.
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Appendix F. Correlations between PrEmoTM Variables
Desire
Pearson Correlation
Desire

1

Sig. (2-tailed)
N
Pearson Correlation

Satisfaction

Sadness

120

120

120

1

.567**

.444**

.000

.000

.691**

120

1

.533**

Sig. (2-tailed)

.000

.000

N

120

120

120

120

**

**

**

1

.519

.444

.000

.533

Sig. (2-tailed)

.000

.000

.000

N

120

120

120

120

.686**

.586**

.575**

.486**

Sig. (2-tailed)

.000

.000

.000

.000

N

120

120

120

120
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Appendix G. Correlations between Pre-Experiment and Post-Experiment Variables
(Same Aesthetics/Comfort Questions, Pre vs. Post)
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Appendix H. Pearson Correlations Between Pre-Experiment Survey Items
(Aesthetics/Perceived Comfort)
LooksNice LooksSof LooksSpa WanttoRel WanttoWo LooksCo LikeChair
_Pre
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cious_Pre ax_Pre
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mfy_Pre _Pre
LooksNice_P Pearson
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.485**
e
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Sig. (2.000
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N
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**. Correlation is significant at the 0.01 level (2-tailed).
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Appendix I. Pearson Correlations Between Aesthetics/Actual Comfort Items in the
Post-Experiment Survey
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**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
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Appendix J. One-Way Repeated Measures ANOVA for Chair Type and Task 1
Performance (searches per minute, normalized within each participant)

Tests of Within-Subjects Effects
Measure: SearchesPerMin_Norm
Source
Chair

Type III Sum of
Squares
df
Sphericity Assumed .038

Greenhouse-Geisser .038
Huynh-Feldt
.038
Lower-bound
.038
Error(Chair) Sphericity Assumed 5.298
Greenhouse-Geisser 5.298
Huynh-Feldt
5.298
Lower-bound
5.298

Tests of Between-Subjects Effects
Measure: SearchesPerMin_Norm
Type III Sum of
Source
Squares
df
Intercept
64.686
1
Error
1.048
28

Mean Square

F

Sig.

3

.013

.203

.894

2.880
3.000
1.000
84

.013
.013
.038
.063

.203
.203
.203

.887
.894
.656

80.629
84.000
28.000

.066
.063
.189

Mean Square
64.686
.037

84

F
1728.071

Sig.
.000

Appendix K. One-Way Repeated Measures ANOVA for Chair Type and Task 2
Performance (words typed per minute, normalized within each participant)

Tests of Within-Subjects Effects
Measure: WordsPerMin_Norm
Source
Chairs

Error(Chairs)

Type III Sum of
Squares
df

Mean Square

F

Sig.

.014

3

.005

.634

.595

Greenhouse-Geisser .014
Huynh-Feldt
.014
Lower-bound
.014
Sphericity Assumed
.648

2.813
3.000
1.000

.005
.005
.014

.634
.634
.634

.585
.595
.432

87

.007

Greenhouse-Geisser .648
Huynh-Feldt
.648
Lower-bound
.648

81.583
87.000
29.000

.008
.007
.022

Sphericity Assumed

Tests of Between-Subjects Effects
Measure: WordsPerMin_Norm
Type III Sum of
Source
Squares
df
Intercept
97.623
1
Error
.280
29

Mean Square
97.623
.010

85

F
10120.162

Sig.
.000

Appendix L. Correlations with Task 1 (Search Task) Performance Data
Aggregated Aggregated
Aggregated Aggregated
Searchesper Pos
Neg
Aggregated AesComf
Discomfort
Min_Norm Emotions
Emotions
AesComf Pre Post
Post
SearchesperMin Pearson
1
-.010
_Norm
Correlation
Sig. (2-tailed)
.911
N
119
119
Aggregated Pos Pearson
-.010
1
Emotions
Correlation
Sig. (2-tailed) .911
N
119
120
Aggregated Neg Pearson
-.047
-.527**
Emotions
Correlation
Sig. (2-tailed) .611
.000
N
119
120
Aggregated
Pearson
-.027
.504**
AesComf Pre Correlation
Sig. (2-tailed) .773
.000
N
119
120
Aggregated
Pearson
.049
.400**
AesComf Post Correlation
Sig. (2-tailed) .594
.000
N
119
120
Aggregated
Pearson
-.122
-.080
Discomfort Post Correlation
Sig. (2-tailed) .186
.386
N
119
120
*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).
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Appendix M. Correlations with Task 2 (Typing Task) Performance Data
Aggregated Aggregated
Aggregated Aggregated
WordsperMi Pos
Neg
Aggregated AesComf
Discomfort
n_Norm
Emotions
Emotions
AesComf Pre Post
Post
WordsperMin_ Pearson
1
.213*
Norm
Correlation
Sig. (2-tailed)
.019
N
120
120
Aggregated Pos Pearson
.213*
1
Emotions
Correlation
Sig. (2-tailed) .019
N
120
120
Aggregated Neg Pearson
-.134
-.527**
Emotions
Correlation
Sig. (2-tailed) .144
.000
N
120
120
Aggregated
Pearson
.020
.504**
AesComf Pre Correlation
Sig. (2-tailed) .829
.000
N
120
120
Aggregated
Pearson
.056
.400**
AesComf Post Correlation
Sig. (2-tailed) .545
.000
N
120
120
Aggregated
Pearson
-.027
-.080
Discomfort Post Correlation
Sig. (2-tailed) .771
.386
N
120
120
*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).
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Appendix N. Partial Correlations with Discomfort and Task Performance,
Controlled for Aesthetics and Positive Emotions
Partial Correlation 1a: Task 1 & Discomfort, Controlling for Pre-Aesthetics/Comfort
SearchesperMin_N
Control Variables
orm
Aggregated AesComf Pre SearchesperMin_Norm Correlation
1.000
Significance (2-tailed)
.
df
0
Aggregated Discomfort Correlation
-.123
Post
Significance (2-tailed)
.185
df
116

Aggregated
Discomfort Post
-.123
.185
116
1.000
.
0

Partial Correlation 1b: Task 2 & Discomfort, Controlling for Pre-Aesthetics/Comfort
WordsperMin_Nor
Control Variables
m
Aggregated AesComf Pre WordsperMin_Norm
Correlation
1.000
Significance (2-tailed)
.
df
0
Aggregated Discomfort Correlation
-.026
Post
Significance (2-tailed)
.778
df
117

Aggregated
Discomfort Post
-.026
.778
117
1.000
.
0

Partial Correlation 2a: Task 1 & Discomfort, Controlling for Post Aesthetics/Comfort
SearchesperMin_N
Control Variables
orm
Aggregated AesComf
SearchesperMin_Norm Correlation
1.000
Post
Significance (2-tailed)
.
df
0
Aggregated Discomfort Correlation
-.115
Post
Significance (2-tailed)
.214
df
116

Aggregated
Discomfort Post
-.115
.214
116
1.000
.
0

Partial Correlation 2b: Task 2 & Discomfort, Controlling for Post Aesthetics/Comfort
WordsperMin_Nor
Control Variables
m
Aggregated AesComf
WordsperMin_Norm
Correlation
1.000
Post
Significance (2-tailed)
.
df
0
Aggregated Discomfort Correlation
.008
Post
Significance (2-tailed)
.932
df
117

Aggregated
Discomfort Post
.008
.932
117
1.000
.
0

Partial Correlation 3a: Task1 & Discomfort, Controlling for Positive Emotions
SearchesperMin_N
Control Variables
orm
Aggregated Pos
SearchesperMin_Norm Correlation
1.000
Emotions
Significance (2-tailed)
.
df
0

Aggregated
Discomfort Post
-.123
.184
116
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Aggregated Discomfort Correlation
Post
Significance (2-tailed)
df

-.123
.184
116

Partial Correlation 3b: Task2 & Discomfort, Controlling for Positive Emotions
WordsperMin_Nor
Control Variables
m
Aggregated Pos
WordsperMin_Norm
Correlation
1.000
Emotions
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